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Over the years, a wide variety of traffic management systems have been 
developed for urban traffic control. Among them, computerised traffic signal 
control, also known as Urban Traffic Control, has become the norm for large towns 
and cities. In dense urban networks there are clear benefits from using computers 
to harmonise traffic control to balance demands and flow. Other methods involve 
the planned management of roadspace through lane assignment, parking controls, 
turning bans, one-way street systems and tidal flow schemes [1-3].  
At the same time, technology is constantly evolving and has impacted every 
aspect of our lives, including driving. Driving on the road, as recently as 20 years 
ago, was a far cry from what it looks like today. In those days, driving was a 
tasking exercise that could seem daunting at times. You relied mainly on your wits 
and continuously had to go through a mental checklist as you moved around from 
place to place [4]. 
Today, technology has introduced various ways to take the edge of driving 
without compromising on safety. Now, there are a host of features that can actually 
encourage you to get into a car and just set out without a destination in mind. 
These features are also an indication of what driving will look like in the near 
future. 
In series of the European countries and USA are used next urban traffic 
management measures: 
one-way street systems; 
roundabouts and more complex traffic gyratories; 
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linked, time-coordinated traffic signal control; 
computerised area signal control (traffic-responsive); 
signalised pedestrian and cycle crossings; 
dedicated bus, taxi lanes, cycle lanes; 
bus priority at traffic signals; 
park and ride systems; 
CCTV traffic surveillance; 
“bus gates” and other access control systems; 
congestion charging; 
high occupancy vehicle lanes and other lane control methods; 
car park information systems; 
VMS-based driver information system. 
In the Ukraine most of these urban traffic management measures are at 
beginning of development only. In particular, this bachelor work is concerned one 
important question of the city traffic - development of system for time-coordinated 
traffic signal control.  
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PART 1.  
REVIEW AND ANALYSIS OF SYSTEMS AND ALGORITHMS FOR 
TIME-COORDINATED TRAFFIC SIGNAL CONTROL     
Traffic congestion is a growing problem that continues to plague urban areas 
with negative outcomes to both the traveling public and society as a whole. These 
negative outcomes will only grow over time as more people flock to urban areas. 
The growth of the car park in cities and the increase in traffic intensity have 
led to a decrease in traffic speeds, delays in transport hubs, deterioration of traffic 
conditions, an increase in gas pollution and noise levels in urban development, and 
an increase in accidents on the road network [1-7].  
Four Ukrainian cities entered the top 25 cities in the world with the largest 
traffic jams, with Kiev ranked seventh among 416 cities in the world in terms of 
the intensity of traffic jams. This data is provided by the analytical company 
TomTom in the annual ranking Traffic Index [5]. 
On average, every motorist spent an extra 207 hours (8 days and 15 hours) in 
Kiev road traffic congestion in 2020. 
All this necessitates the development of effective measures to eliminate such 
negative consequences, especially to reduce road traffic accidents (RTA). 
It is known that about 75% of road traffic accidents occur in cities, and more 
than half are concentrated in areas of intersections of highways. 
Therefore, the problem of organizing and traffic safety poses the most 
important urban transport system, the correct solution of which determines the 
reliability and quality of the entire city transport system and the possibility of 
implementing the necessary engineering and technical solutions, including 
reducing road accidents.  
Scientists use different methods in different countries organization of traffic 
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flows, since there is no general, universal solution to this problem. The basis for 
the development of effective measures is scientific research to identify the patterns 
of the nature of movement. 
 1.1. Traffic flow characteristics 
 
Making decisions on the organization of traffic and transportation, planning 
the operation of transport systems, assessing the efficiency of the functioning of 
the road network are possible only on the basis of studying the parameters of 
traffic flows and the dependencies between them in specific conditions. Therefore, 
the collection and processing of information on the relationships between the main 
characteristics of traffic flows - intensity, density and speed - is an essential part of 
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n s  the number of cars on 
the road section, 
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Traffic intensity q (x,t1,t2) - it is the number of vehicles passing through any 
section or segment of the road per unit of time (Fig. 1.1). Most often, one hour is 
taken as a time interval, and, accordingly, the traffic intensity is defined as car / 
hour. When solving some problems, information on the daily and average annual 
traffic intensity is used. 
One of the main features of the change in traffic intensity is its unevenness in 
time and space. The distribution of traffic intensity over time periods is determined 
by the purpose of travel and their frequency. The spatial distribution of traffic 
intensity is associated with the distribution of freight and passenger points, their 
concentration and capacity. 
 
Fig. 1.1. The scheme of the movement of vehicles on the section Х1 Х2 during 
             the time t1; t2. 
 
The factors influencing the formation of the need for travel are largely subject 
to the influence of the random component, respectively, the change in traffic 
intensity also occurs randomly. Therefore, the most reliable method for assessing 
traffic load is the systematic measurement of traffic intensity on the road network. 
The most important information that guides the traffic management is 
information about peak loads. The change in traffic intensity during the day is 
characterized primarily by the presence of morning and evening rush hours. During 
these periods of time, there is a high traffic load, which creates significant 
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problems for road users. During rush hour, the traffic load is about 15% of the 
daily. 
Analysis of the change in traffic load shows that, due to the unevenness of the 
change in traffic intensity, inside rush hours there may be periods of time in which 
the intensity exceeds the average peak load. Therefore, it is recommended to 
analyze the traffic intensity during rush hour in five-minute periods. In this case, a 
peak period is distinguished - a continuous time interval during which five-minute 
traffic intensities exceed the average peak intensity for the entire hour (Fig. 1.2). 
 
 
Fig. 1.2. Highlighting the peak time period 
 
In this example, the traffic during the 15-minute peak period is 20% higher 
than the average traffic during the rush hour (Fig. 1.3). Ignoring this factor can lead 
to erroneous decisions when developing traffic management schemes. 
Seasonal fluctuations in traffic intensity contribute to the formation of dense 
traffic flows in the summer. 
Spatial fluctuations in traffic intensity are manifested in different levels of 
traffic load on different sections of the road network. 
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Fig. 1.3. Histogram of 5 minute intervals of movement 
 
The unevenness of the traffic intensity is estimated by the coefficient of 
unevenness Кн, which is the ratio of the actual intensity qf  for the considered 
period of time to the average intensity qc  for a longer period of time: 
 
.                                           (1.1) 
 
So, for example, the coefficient of annual inequality 
 
                                          (1.2) 
 
where 12 – number of months in a year, qi – traffic intensity for the month in 
question. 
Traffic intensity affects transport costs (Fig. 1.4). 
The composition of the traffic flow significantly affects the conditions and 
modes of movement of vehicles. Assessment of the composition of the traffic flow 
is carried out mainly in terms of the percentage or share of vehicles of various 
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types. An objective assessment of the traffic load level, comparison of the load 
level of various highways can be made only taking into account the composition of 
the traffic flow. 
The influence of the composition of the stream on other characteristics of road 
traffic is due to many factors. This is largely due to the difference in the dynamic 
and braking qualities of cars and trucks. Fig. 1.5 shows the normative data on the 
length of the braking distance for trucks and cars. During operation, these 
differences become even more noticeable. Therefore, in a mixed traffic flow, the 
likelihood of potentially dangerous situations increases. 
The lower speed of movement of trucks in comparison with passenger cars 
forces drivers of cars to overtake in order to maintain an acceptable speed limit for 
them. 
Maneuvering is carried out in conditions of limited visibility when a car 
follows a truck and also increases the risk of getting into an accident. 
All these aspects made it necessary to apply the coefficients of reduction to a 
conventional passenger car. The determination of the values of the reduction 
coefficients is based on a comparison of the dynamic dimensions of various types 
of vehicles. The dynamic dimension of the vehicle D is the segment of the road 
that includes the length of the vehicle and the distance necessary to safely follow 
the vehicle in front. (Fig. 1.6). 
 
Fig. 1.4. Change in costs C for mileage depending on traffic intensity q: 1 - 
passenger car; 2 - truck; 3 – road train 
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Fig. 1.5. Standard values of braking distance of cars and trucks depending on speed 
 




where qпр- is the traffic intensity in reduced units,  
qi - traffic intensity of type i cars , Кпрi - the coefficient of reduction of cars of the i-
th type 
 
Fig. 1.6. Dynamic vehicle dimensions 
 
The importance of using reduction coefficients in solving practical problems 
of traffic management is evident in the analysis of traffic load on two road 
 




NAU 21 19 21 000 EN 
 
sections. On the first section, with a total traffic intensity of 500 vehicles / h, the 
distribution of cars by type is as follows: cars - 400, freight with a carrying 
capacity of up to 2 tons - 80, buses - 20. On another section, with the same traffic 
intensity of 500 vehicles / h, the composition of the flow differs: cars - 200, trucks 
up to 2 tons - 100, trucks from 2 to 6 tons - 100, road trains up to 12 tons - 60, 
buses - 40. Taking into account the composition of the flow, the traffic intensity in 
the given units in the first section is 570 vehicles / h, on the second - 760 vehicles / 
h. 
Depending on the prevalence of a particular type of vehicle in the flow, the 
traffic flow is conventionally classified into one of three groups: mixed flow (30-
70% of cars, 70-30% of trucks), mainly trucks (more than 70% of trucks), mainly 
passenger cars (more than 70% of passenger cars). 
The density of the traffic flow k (х1, x2, t) is determined by the number of 
vehicles per 1 km of the road lane. The unit of measurement for the density of the 
traffic flow is car / km. With an increase in the density of traffic flow, the distance 
between cars decreases, the speed of movement decreases, the intensity of the 
driver's work increases, and the driving conditions worsen. The maximum traffic 
density is achieved in congestion situations. The numerical values of the maximum 
density are determined by the composition of the stream. For a mixed composition 
of the traffic flow, it is about 100 vehicles / km, for mainly passenger cars - up to 
150 vehicles / km. 
The main difficulties in using information on traffic density are associated 
with the difficulty of directly measuring this traffic parameter. 
In the organization of road traffic, depending on the methods of measurement 
and calculation, a certain terminology has developed when characterizing the 
speed. 
Temporary (instantaneous) speed - the speed of a vehicle in any section of the 
road. Measurement of the instantaneous speed does not present any difficulties, 
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since a variety of measuring instruments are used in this case: a stopwatch that 
records the passage of the measured section; video camera; radar; transport 
detector. You can also measure the speeds of many vehicles in traffic to get 
reliable results. Therefore, instantaneous speed is most widely used in the practice 
of traffic management. 
Spatial speed evaluates the change in speed along the length of the highway. 
The most complete characterizes the traffic conditions on the road network. 
However, such information can only be obtained by continuously recording the 
speed using a road research laboratory. The reliability of the measurement results 
is ensured by multiple passes along the investigated highway. 
The speed of movement is assessed only taking into account the time of 
movement of the car along the road network. 
The speed of the message is determined taking into account the delays in 
movement. 
Based on the data on the speed of the traffic flow, it is possible to determine 
such a specific indicator as the rate of movement - a value inverse to the speed of 
the message. The pace of movement estimates the time it takes to travel a unit of 
route length and provides visual information about the conditions for organizing 
traffic and transportation. 
In general terms, the relationship between intensity, density and speed is 
described by the basic equation of the traffic flow: 
 
, (1.4)q kV=  
 
where q is the traffic intensity, k is the density of the traffic flow, v  is the speed of 
the traffic flow. 
The corresponding graphs are shown in Fig. 1.7. 
 




NAU 21 19 21 000 EN 
 
The plot of the relationship between intensity and density is commonly 
referred to as the main traffic flow diagram. This graph traces the main patterns of 
changes in the state of the traffic flow. The first boundary point corresponds to 
zero intensity and density and characterizes free traffic conditions. Initially, an 
increase in density causes an increase in traffic, and this process continues until the 
capacity of the road is reached. A further increase in density leads to a significant 
deterioration in traffic conditions, the occurrence of congestion situations, and a 
decrease in traffic intensity. A further increase in density leads to a significant 
deterioration in traffic conditions, the occurrence of congestion situations and a 
decrease in traffic intensity. 
 
Fig. 1.7. Relationship between intensity, density and speed 
 
Based on the main equation of the traffic flow, the tangent of the angle of 
inclination of the radius vector drawn from the origin of the main diagram to any 
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point on the graph (in this case, point 1), shows the speed of movement at a given 
intensity and density. 
Movement delays are characterized by the loss of time when a vehicle passes 




where vф;vо - the actual and optimal message rates, respectively. 
The optimal speed in this case should be considered the speed of the message, 
which ensures a minimum loss of time, fuel, costs associated with vehicle wear, 
losses from road accidents, etc. In view of the difficulty of determining the true 
value of the optimal speed in the practice of organizing traffic, the allowed 
(calculated according to the safety condition) speed on a given road section is 
conventionally taken as the optimal one. 
Waste of traffic flow 
 
 
where q - total traffic intensity. 
Distinguish between delays on the tracks and intersections. Delays on the 
tracks are the result of maneuvering, the presence of cars in the stream moving at 
low speeds, pedestrian traffic, stops and parking of vehicles, oversaturation of the 
stream. Intersection delays are the result of the need to allow traffic and pedestrian 
flows in intersecting directions. 
Taken together, all these dependencies make it possible to predict changes in 
the state of the traffic flow and throughput when planning measures to improve the 
organization of traffic and the development of the road network. 
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1.2. Systems and algorithms for time-coordinated traffic signal control     
 
With regard to the transport process, the structural diagram of the system for 
the operation of automotive equipment [10], with some conventions, can be 
represented as consisting of four main elements: "driver-car-road-TSSDD 
(environment)" (Fig. 1.8).  
 
Fig. 1.8. Block diagram of the system for the operation of automotive equipment 
 
The road has its own parameters. These include: the width of the carriageway, 
configuration in plan and profile, condition of the pavement, boundaries (sidewalk, 
ditch, shoulder). The road is related to vehicles located on it and in the roadside 
space, pedestrians, animals, traffic lights, road signs and markings, fixed obstacles. 
The road design and the level of traffic management can make it easier or more 
difficult for the driver to work and thus have a direct impact on his reliability. The 
driving environment is characterized by illumination, humidity, temperature, wind, 
dustiness, visibility, as well as solar geomagnetic activity and barometric pressure 
drops. The driver must be protected from most of the negative influences of the 
environment by the appropriate technical equipment of the car. The main operator 
of this system is undoubtedly the driver, who must always foresee what situation 
he may find himself in and know how to act in it. 
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The driver must quickly and accurately respond to stimuli, assess the value of 
the surrounding objects, the technical data of the car he is driving, make the right 
decision to maneuver the vehicle. Often the driver has to act instantly in order to 
prevent a traffic accident.  
 
1.2.1. Classification of technical means of traffic management  
Technical means of traffic management (TMOTM) are designed to regulate 
the movement of traffic and pedestrian flows. Regulation (from the Latin regula - 
norm, rule) of traffic management is the maintenance at a certain level of 
indicators of pedestrian and traffic flows, in order to ensure the efficiency and 
safety of road traffic. 
By purpose, technical means are divided into: 
- means of informing road users, namely, traffic lights, road signs and signs, 
road markings, guiding devices (Fig. 1.9); 
- devices that ensure the normal functioning of information media 
(controllers, detectors, devices for processing and transmitting information, 
dispatching communications, computers, etc.). 
Considering the means of information from the standpoint of its main user - 
the driver, one can conditionally divide them according to the formation of 
knowledge and the place of receipt. 
From the standpoint of knowledge formation, information can be classified as 
follows: 
- a priori (experimental) professional information that forms knowledge of the 
laws of the road traffic, skills in driving a vehicle, etc. Its formation occurs in the 
process of training and all subsequent professional experience; 
- macro information that forms knowledge about the direction of travel to 
achieve the goal of the trip; 
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- micro information that forms knowledge about the driver's choice of the 
operational mode of movement. 
 
 
Fig. 1.9. Means of informing road users at the intersection 
 
At the place of receipt, information can be on road and off-road traffic. 
The role of off-road information in the efficiency and safety of traffic is, first 
of all, in the creation and increase of the level of a priori information. 
Macro information. The bottleneck in the traffic management is currently the 
low information provision of road users with means of traffic management and 
organization. 
Macro information forms drivers' knowledge of the direction of travel. Lack 
or complete absence of this type of information leads to a number of negative 
consequences. 
According to foreign data, in the UK, due to unsatisfactory placement of road 
signs, lack of road lighting, and other things, 28% of all accidents occur, the 
overrun of cars caused by mistakes of drivers when choosing the direction of travel 
is 4 - 6.5% of the total mileage, additional fuel costs at the same time they amount 
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to about 1100 million liters per year. According to preliminary economic 
estimates, the development of a driver information system (orientation, 
information about meteorological conditions, danger zones in the direction of 
travel, etc.) in the UK will save about £ 2 billion in year. Thus, the problem of 
improving the information support of road traffic seems to be relevant and its 
solution will significantly reduce the total losses of road transport. 
Macro information, which is controlling in nature, can be divided into two 
types: orientation and pointing. Recently emerging car navigation systems belong 
to the class of information and orientation systems, which are automated personal 
systems that help specific drivers in choosing the most optimal route. The filling of 
the vehicle fleet with such systems is proceeding at a high rate. 
Progress in radio electronics, computer technology and informatics has 
provided a fairly broad development of information and navigation systems in road 
transport. Car navigation systems, which take their name from maritime and 
aviation terminology, can be attributed to the next generation of automated traffic 
control systems (ATCS).  Their use allows reducing the time and cost of the trip 
and, in addition, enables the driver to quickly adjust his route. 
Such systems are built according to the following logical algorithm: 
1) determination of the spatial coordinate of a given technical means on the 
road network at a given moment in time; 
2) determining the route of the vehicle from the location to the destination and 
bringing this route to the driver; 
3) providing the user in the vehicle with the ability to transmit and receive 
information with display on the display (or in another form). 
The use of navigation systems should be considered as a resource-saving 
factor in road transport. The effectiveness of the use of such systems consists 
primarily in minimizing the travel time, fuel economy, reducing the level of 
environmental pollution, depreciation costs and reducing the psychophysiological 
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stress of drivers. The proliferation of car navigation on a massive scale allows for 
the optimal distribution of traffic flows along the road network and improves 
traffic safety. 
With the constantly increasing traffic intensity and the production of car 
models with ever increasing dynamic characteristics, the problem of improving 
safety systems and reducing economic losses in road traffic arises. One possible 
solution to this problem is to improve the traffic information system. 
In recent years, there has been a tendency abroad to introduce elements into 
the traffic information system designed to transmit to road users information 
necessary for planning and choosing a route. In other words, information that 
provides orientation for road users. 
Drivers now have wide access to various sources of information that help 
them reach their destination in the shortest and safest way. This also includes road 
signs of directions of movement. 
Until now, such aids for the most part served only as additional conveniences 
for drivers, since it was possible in most cases to get to the destination without 
resorting to their help. However, today this situation is constantly changing due to 
the increase in the number of vehicles and the increase in traffic density. For a 
number of reasons, such as the need to save fuel and time, traffic information is 
becoming more and more relevant. 
The target function of road traffic is to move goods and passengers quickly, 
economically and safely. Implementation of the objective function is possible if 
there is a route connecting the starting and ending points of the trip. The possibility 
of choosing alternative routes implies solving an optimization problem in order to 
choose the optimal route according to a given criterion, but it is not enough just to 
calculate the route, it is also necessary to ensure the conditions for its observance, 
since a positive effect can be achieved only if the movement of vehicles is 
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precisely along these lines. optimally calculated routes. Thus, the task of indicating 
the route of movement is the logical completion of the set optimization task. 
Deviation from the optimal route inevitably leads to overhead. Foreign 
experiments have shown that the time spent on moving from the starting point to 
the given one with the available traffic information support can exceed the optimal 
one by more than 2 times, while the fuel consumption is 35%, and the car mileage 
is 30% or more higher than the optimal value. (with an ideal route). Moreover, the 
likelihood of deviating from the route increases if the driver follows this path for 
the first time. In this regard, along with other urgent tasks of traffic management, it 
is necessary to consider the task of creating an orientation system for drivers who 
are on unfamiliar routes. 
The tasks of organizing traffic today have become so complicated that 
effective management of it cannot be provided only with traditional elements of 
the traffic information system - road signs and direction signs, road markings, 
traffic lights and guiding devices. Affects, on the one hand, the limited ability of 
the driver to perceive traffic information due to the so-called "lack of time", in 
which the person driving the vehicle is constantly located. On the other hand, the 
limited capabilities of the media in terms of types and, most importantly, the 
efficiency of the transmitted information affect. 
In the context of the increasing complexity of the city's street and road 
networks and the traffic management system imposed on these networks, it 
becomes more and more necessary for the driver to obtain information of a 
strategic nature, on the basis of which he can assess and predict the situation on the 
forthcoming route. In this regard, the goal of developing the principles of 
organizing a route guidance system and informing drivers, which helps them in 
choosing the most optimal route, also becomes relevant. Such systems belong to 
the class of navigation systems. Their main purpose is to minimize travel time and 
cost. 
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1.2.2. Algorithmic regulation and smart traffic lights 
 
Smart traffic light is a system of dynamic control of traffic signals, thanks to 
which, the throughput of traffic flows on the road network is improved [11]. 
Such technologies are beginning to be actively implemented in megalopolises 
and significantly change traffic, reduce accidents [12]. 
Modern algorithms easily find stolen cars, predict traffic congestion, and help 
to avoid them in advance.  
Traffic lights are connected to a computer, the program on which decides how 
these traffic lights should interact at the current moment, depending on the current 
traffic situation. 
The usual local traffic light mode with a fixed cycle (FC) is the usual mode 
intended for a stand-alone traffic light operating according to a predefined 
scenario: for morning rush hour, for daytime traffic, and for evening rush hour. 
There is also an algorithm for coordinated traffic light control, when several 
traffic lights, interacting with each other, for example, on an outbound highway, 
provide optimal traffic management for cars. 
The program generates the synchronous operation of traffic lights in order to 
pass a certain number of cars, maintain a given traffic intensity on a particular road 
section.  
There is a so-called adaptive traffic light mode (AT), when the traffic data 
received by the computer allows traffic lights to adapt to the current traffic 
situation. The data comes from sensors or induction loops. 
Most of the intersections equipped in this way have sensors installed in their 
roadways. As a result, the traffic density is automatically determined, as well as the 
types of cars approaching the intersections. 
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If, for example, public transport (bus, trolleybus or tram) is seen in the general 
traffic, then a green light turns on at the intersection, allowing it to pass first, while 
other motorists are forced to give way. 
The duty shift is responsible for centralized control from the situation center. 
This allows the attendants, if necessary, to intervene and carry out the regulation 
manually, to adjust the traffic flow in the most loaded directions. 
A variety of sensors are installed on the roads that quickly collect information 
about vehicles and the current traffic congestion in order to optimally regulate 
traffic. 
The sensors are installed on highways, at intersections, in some places they 
are built into the asphalt - these are the so-called induction loops that act as an 
electronic regulator, allowing, for example, to automatically turn on the green light 
of a tram. The sensors count vehicles in separate lanes and allow calculating the 
traffic flow for each lane. 
A large number of photo-video-fixing complexes are installed in places with a 
high accident rate in order to monitor the traffic situation in real time. 
In addition, the backlighting of the racks is used, on which the traffic lights 
themselves are installed. Often billboards distract the driver's attention, and he 
simply does not notice the traffic light. 
Traffic light pole lighting solved this problem. Now the driver can notice the 
traffic light even in rain or fog. This made it possible to reduce accidents in very 
dangerous areas for pedestrians. 
An LED strip and signs with their own illumination are installed on the traffic 
light support, in addition, special spotlights directly illuminate the pedestrian 
crossing (the zebra crossing itself) and the adjacent sidewalk area where 
pedestrians can be. 
Algorithmic traffic light regulation forces car drivers to give way to public 
transport: a green light for a tram or bus turns on regardless of the traffic load. 
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At the same time, trams move on their routes a quarter of the time faster than 
it was without "smart" regulation, and trolleybuses - twice as fast. So, if earlier 
only one bus (tram, trolleybus) could pass one intersection of a megalopolis per 
unit of time, today four pass by during the same time. 
 
1.3. Problem statement 
In connection with the rapid growth of the car park and increasingly wide of 
their use the task of algorithms and systems development for adaptive signal traffic 
is becoming very important. 
For the improvement of the road situation in Ukraine cities and safety of the 
cars motion, it should be decreased downtime in road traffic congestion by new 
adaptive systems of signal control on intersects.  
The objective of this work is to determine the optimal mode of operation of 
traffic lights at busy city intersections to reduce the number of traffic jams, i.e. 
reducing the time of unproductive work of car drivers. 
As the optimization criterion, which must be minimized, we take the total idle 
time (delay) of all cars at the traffic light at the intersection. At the same time, the 
idle time includes not only the waiting time for the permitting movement - the 
green signal of the traffic light, but also the loss of time due to the decrease in the 
permissible speed of vehicles, beginning from a given distance to the intersection. 
So, to decide this task it is necessary fit detectors of moving vehicles as on 
given distance to the intersection, as and immediately near it. 
We cannot control the total idle time (delay) of all cars at the traffic light at 
the intersection, but with the help of the traffic light we can control the quanlity 
difference between vehicles that interfere with each other when passing the 
intersection. 
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PART 2.  
MATHEMATICAL MODEL OF TASK SOLUTION  
From the technical means, which have to detect the time spent by the vehicle 
at the intersection, detectors have been selected in this work (Fig. 2.1).  
There are two types of detectors at the intersection: D1 and D2. D1 detectors 
are located at the entrance to the intersection. They read the numbers of the cars 
at the moment of passing through them and enter the numbers into the memory of 
the computing device. D2 detectors are required to account for vehicles leaving 
the intersection and are located directly at the border of the intersection [12]. 
 
Fig. 2.1. Configuration of detectors placement on simple signalized network 
 
Signal phasing is the basic control mechanism by which the operational 
efficiency and safety of a signalized intersection is determined. The current 
developments in signalization technology provide increasingly flexible, but 
inevitably more complex, signal phasing options. It is therefore important to 
understand clearly how traffic movements and signal phases relate to each other. 
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1 
The interaction between detectors and traffic lights is as follows: 
1) an identification number is read for all vehicles in the system (for 
example, state registration number, etc.); 
2) during the operation of the red phase of the traffic light, the D1 detectors 
read the numbers of the cars passing through them and record them in the list 
according to the formulas (2.1) 
 
where l1, l2 – queue of horizontal and vertical roads, respectively, l'1, l'3 and l'2, 
l'4 – queues in each direction for each of the intersecting roads; 
3) at the moment when the green light comes on, detector D1 stops writing 
license plates to the list, and detector D2 starts deleting numbers of cars passing 
through it from the list; 
4) at the moment when the last of the cars passes through the detector D2 
and the list becomes empty, the traffic light switches to the red phase and goes 
to the beginning of the cycle; 
5) this rule is true for both roads. 
In the course of the work, the values of the queues were determined at each 
traffic light switching cycle. The length of the queue was determined as follows: 
while the traffic light is on, a queue of cars accumulates on the road with the 
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where L1, L2  – the average value of the queue length over the considered time 
interval (the number of iterations); l1, l2 – the values of the lengths of the queues at 
each switching of the traffic light from red to green;  n – number of switching from 
red to green during the considered period of time. 
The underlying movement and phase concepts [15] are described first before 
various movement parameters are defined below. 
Each separate queue leading to the intersection and characterized by its 
direction, lane usage and right of way provision is called a movement. The 
allocation of rights of way to individual movements is determined by the signal 
phasing system. The movements from each approach road are described 
according to their unique right of way (phasing arrangement) and lane 
allocation/usage characteristics.  
Signal phase is a state of the signals during which one or more movements 
receive right of way. Signal phases will be defined in such a way that when there 
is a change of right of way, that is when a movement is stopped and another 
started, there is a phase change. A phase is identified by at least one movement 
gaining right of way at the start of it and at least one movement losing right of 
way at the end of it in the past. One complete sequence of signal phases is called 
a signal cycle. An example of a cycle diagram is given in Fig. 2.2. 
 The time from the end of the green period on one phase to the beginning of 
the green period on the next phase is called the intergreen time (/).It consists of 
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yellow and all-red periods. During the all-red period, both the terminating and the 
starting phases/movements are shown red s ignal  simultaneously.  
It is seen that the phase change times (F) are defined as phase termination 
times which occur at the end of the green period, and the intergreen period is the 
initial part of the phase. Therefore, the green period starts at time (F + l). 
If the displayed green time for a phase is G, then the green period ends at 
time (F + I + G). This is the phase change time for the next phase. The cycle 
diagram can be constructed by setting the first phase change time to zero and 
adding  
the (l + G) value of the first phase to find the second phase change time, and so 
on. 
The sum of all phase intergreen and green times is the cycle time: 
c = Σ( l +  G). 
 
      Fig. 2.2. Signal cycle diagram (for the example in Fig. 2.1)  
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The basic movement characteristics are illustrated in Fig. 2.3 in relation to a 
corresponding signal phasing arrangement. An important aspect of Fig. 2.3 is that 
the two phase change times (Fi, Fk) to start and stop the movement under 
consideration do not need to correspond to consecutive phases because it may 
be an overlap movement.  
 
2.1. Choose of the mathematical model for task solution  
 
Due to the presence of a large number of random factors affecting the 
movement of a vehicle in the urban transport network, a number of researchers 
apply stochastic approaches to the study of traffic when developing new TSODD. 
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One such approach is to use the Monte-Carlo method. However, the quality 
of the resulting estimates will depend at least in part on factors such as quality 
and quantity of the available data, the algorithm used to solve, for example, the 
Nonlinear Least Squares (NLS) problem or method of moments. A comprehensive 
answer to the questions raised here is not available, but at each case it is 
necessary to consider concretive street traffic network. 
Although the simulation study presented in this paper [13] is limited, it 
appears that the prediction model provides valuable information for the 
development of real-time traffic-adaptive signal control logic. Authors believed 
that: “Further study and evaluation are required before the limitations and 
properties will be fully understood. It is the author's belief that different 
prediction algorithms will be required for different situations. In some cases the 
use of upstream detectors will be sufficient to provide the desired level of 
performance. In others, more complex algorithms will be required. In still others, 
prediction will not be possible.” 
New approach to research the relationship between the traffic intensity of 
vehicles and the load of intersecting roads by the length of the queue of vehicles 
when using various algorithms of traffic light regulation is proposed in [12]. This 
paper presents the results of studies carried out using micromodeling, based on 
the theory of cellular transport automata (TCA), to study the influence of the 
traffic intensity of cars and the load of intersecting roads on the length of the 
queue of cars when using various traffic light control algorithms. Also, in [12], 
based on a series of computational experiments, the efficiency is determined 
operation of a traffic light that supports the ability to connect adaptive 
algorithms for intersections with varying intensity and load.  
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As an assessment of the efficiency of traffic lights, a comparison of the 
traffic intensity values at the intersection is carried out for traffic light mode with 
a fixed cycle and adaptive traffic light mode.  
To date, all methods for automatic estimation of turning movement 
proportions have used prediction error minimization methods, in which one first 
specifies a model for predicting the intersection's exit counts using the 
intersection's input counts and a trial set of turning movement proportions  
(see Fig. 2.1). One then selects as the estimated proportions those values that 
minimize some measure of the difference between the predicted and the actual 
exit counts.  
Other method is in using Neural Network Models [14]. The relationships 
between traffic flow variables play important roles in traffic engineering. They are 
used not only in basic traffic flow analyses but also in some macroscopic traffic 
flow simulation models. Various mathematical formulations that describe the 
relationships among density, flow, and speed have been proposed, including 
multi regime models. Previously, the best mathematical curve was determined by 
trying several different formulas and applying regression analysis. In these 
processes, one must specify in advance which mathematical formula should be 
adopted and where it should be shifted to another in a multiregime model. 
Neural network models have some promising abilities to represent nonlinear 
behaviors accurately and to self-organize automatically. A procedure for 
describing the macroscopic relationships among traffic flow variables using some 
neural network models is presented in [14]. Some neural network models, such as 
a multilayer model, have the promising ability to describe nonlinear behaviors 
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2.2. Description of the task solution method 
 
 Proposed mathematical model does not require many experimental data 
and enough simple at implementation. The essence of this model is that the 
experimental data, consisting of a number of daily observations of the traffic 
intensity at the intersection, are approximated by an analytical functional 
dependence in the form of a polynomial of the n-th degree Pn(x) 
 
Pn(x)= f(x)=anxn+an-1xn–1+ an-2xn–2+   + an-2x2+ a1x+ a0,                     (2.3) 
 
where x – variable; ai, i=0, 1,    ,n- constant numbers. 
 Usually experimental data that represent functional dependence у= f(x) 
from the variable х, is obtained in a tabular way. In this case, in the table, for 
example, one of the columns is an independent variable (argument), and the 
other columns are functions of this argument.  
 Hereinafter, to simplify mathematical model let us assume that the degree 
of polynomial (2.3) should not exceed 3, i.e. n≤3.  
 Obviously, the number of observations of the traffic intensity at the 
intersection should significantly exceed 4. In this regard, in order to obtain an 
analytical functional dependence Pn(x) it is necessary to compose and solve a 
system of linear algebraic equations of the form 
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                            (2.4) 
 
m – number of observations, m˃4 and m ˃n, уi, i =1,…,m - function value 
у= f(x) при х=хm. 
The solution of the system of linear equations (2.4), i.e. finding the 
coefficients аі, і=0,1,…,n, can be carried out by the method of least squares (MLS) 
[17]. 
The least squares method is a mathematical method used to solve various 
problems, based on minimizing the sum of the squares of the deviations of some 
functions from the desired variables. It can be used to "solve" overdetermined 
systems of equations (when the number of equations exceeds the number of 
unknowns).  
The essence of the least squares method. Let х — be a set of unknown 
variables (parameters), and  fi(x)=yi, i=1,…,m— a set of functions from this set of 
variables. The task is to select such values so that the values of these functions 
are as close as possible to some values. In essence, we are talking about the 
"solution" of an overdetermined system of equations, in the indicated sense of 
the maximum proximity of the left and right sides of the system. The essence of 
the LSM is to choose the sum of the squares of the deviations of the left and right 
sides as a “measure of distances”. Thus, the LSM estimation criterion can be 
expressed as a functional: 
 
2( ( )) mini i i
i i
J e y f x     .                             (2.5) 
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which minimizes the sum of the squares of the deviations i=1,…,m. 
 If (2.5) has a solution, then the smallest value of the sum of squares will be 
equal to zero, and exact solutions (2.5) can be found analytically or, for example, 
by various numerical optimization methods. 
If the system is redefined, that is, the number of independent equations is 
greater than the number of sought variables, then the system does not have an 
exact solution and the least squares method allows finding some "optimal" vector 
in the sense of maximum approximation of vectors or maximum proximity of the 
vector of deviations to zero [17] (approximation understood in the sense of 
Euclidean distance). 
To solve problems using LSM, special programs have been developed in the 
Mathlab, Python and so on programming environments. 
However, for the application of these programs, a special presentation of the 
initial data is required, and the resulting solution is rigidly connected with the 
initial data included in the program. The proposed solution is free from such 
disadvantages.  
Due to the peculiarity of our problem, it is advisable to introduce 2 
independent variables, namely, the two phase change times t1– is the time when 
the green signal is turned on at the traffic light,  t2 - is the time when the red 
signal is turned on at the traffic light. We will neglect the time when the yellow 
signal turns on at the traffic light. Then on each direction of the road t1+ t2= t, 
where  
t - is the current time. 
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In this case, the traffic intensity at the intersection will depend on 2 variables 
t1 and t2. 
The next step in solving the problem is to determine the extrema of function 
(2.3) and function 2-th variables z=z(x,y), where x=t1, y=t2.  
It is known from math [16] about necessary conditions of local extreme for 
analytical function.  
Let a function y=f(x) be defined in a δ-neighborhood of a point x0, where δ>0. 
The functіon f(x) іs saіd to have a local (or relative) maximum at the point x0, 
if for all poіnts x≠ x0 belonging to the neighborhood (x0−δ, x0+δ) the following 
inequality holds:  
f(x)≤f(x0). 
 




then the poіnt x0 is a strict local maximum point. 
Similarly, we define a local (or relative) minimum of the functіon f(x). In this 
case, the following inequality іs valid for all points x≠x0 of the δ-neighborhood of 
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The concepts of local maximum and local minimum are united under the 
general term local extremum. The word “local” is often omitted for brevity, so it is 
said simply about maxima and minima of functions. 
 A necessary condition for an extremum is formulated as follows: 
If the point x0 is an extremum point of the function f(x), then the derivative 
at this point either is zero or does not exist. In other words, the extrema of a 
function are contained among its critical points.  
 Note that the necessary condition does not guarantee the existence of an 
extremum. 
 Local extrema of differentiable functions exist when the sufficient 
conditions are satisfied. These conditions are based on the use of the first-, 
second-, or higher-order derivative. Respectively, 3 sufficient conditions for local 
extrema are considered. Local extrema of differentiable functions exist when the 
sufficient conditions are satisfied. These conditions are based on the use of the 
first-, second-, or higher-order derivative.  
Respectively, 3 sufficient conditions for local extrema are considered. But 
proof this formulation we omit here. 
Hereinafter, we’ll guide by next rule: 
Let the first derivative of a function f(x) at the point x0 be equal to zero:  
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f’(x0) =0, that is x0 is a stationary point of f(x). Suppose also that there exists the 
second derivative f′′(x0) at this point. Then 
 If f′′( x0)>0, then x0 is a strict minimum point of the function f(x); 
 If f′′( x0)<0, then x0 is a strict maximum point of the function f(x). 
The optimal value of function (2.3) found in this way can be used to 
construct work algorithm of the automatic traffic control system at the 
intersection.   
The adaptive algorithm of traffic lights functioning directly at the intersection 
must also use feedback on the magnitude of the difference in qi values on the 
intersecting directions of traffic. 
A necessary criterion for the extremum of a function of two variables. If the 
point P(x0, y0) - is the extremum point of a function of two variables z = z(x, y), 
then the first partial derivatives of the function (with respect to "x" and "y") at 
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To determine the optimal mode of functioning of traffic lights at intersections, 
it is advisable to perform the following operations: 
1) point 2 of the algorithm: сollect information about Intensity movement, 
Temporal interval and other characteristics of vehicle movement at a given 
intersection, depending on the time of day; 
2) point 3,4: present the collected information in the form of tables and, then, 
in the program for working with spreadsheets, Microsoft Office Excel, present the 
collected information in the form of functional dependencies, for example, the 
dependence of the number of vehicles at an intersection on the time of day.  
Obviously, the resulting dependence will have a complex, non-linear nature, 
which cannot be presented in an analytical form. In addition, the collected 
information is only a single implementation of a random process, which can be 
described by some random functions. At the same time, the obtained practical 
implementation can be investigated using the methods of mathematical analysis; 
3) point 5-7: to simplify the study of the obtained dependence, we represent it 
in the form of a polynomial of a given degree. Microsoft Office Excel provides a 
function for representing a trend graph function as a polynomial of a given degree. 
In this case, the trend line is built using the least squares method. 
This trend line provides a specified number of points that define the 
relationship between an independent variable, such as time of day, and a dependent 
variable (function), such as the number of vehicles at an intersection;  
4) point 8,9: by the selected points, a system of linear algebraic equations is 
compiled, by solving which it is possible to obtain the coefficients of a polynomial 
of a given degree and, accordingly, the desired functional dependencies in an 
explicit form; 
5) point 10: the obtained functional dependence using the differentiation 
operation can be investigated for the presence of extreme (optimal) values in it, 
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3.1. Construction of a power polynomial from given input data 
 
Very often, the coefficients of the equations (2.4) are real or complex numbers 
and the solutions are searched in the same set of numbers, but the theory and the 
algorithms apply for coefficients and solutions in any field.  
For solving systems of algebraic linear equations, in which the number of 
equations is equal to the number of unknown variables and which have a unique 
solution. more often than others, two methods are used: 
- solving linear algebraic equations by Cramer's method (using determinants 
for systems of any order); 
- Gauss method (method of successive elimination of unknown variables, 
usually for low-order systems). 
In this work, we use Cramer's method. The essence of Cramer's method is as 
follows. 
Suppose we need to solve a system of linear algebraic equations 
 
in which the number of equations is equal to the number of unknown variables and 
the determinant of the main matrix of the system is nonzero, that is,  
det(A) №0.  




x x xD D D -- determinants of matrices that are obtained from А by replacing 
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With this notation, the unknown variables are calculated by the formulas of 








,xx D D= …, / .
nn x
x D D=  
This is how the solution of a system of linear algebraic equations is found by 
Cramer's method. When applying Cramer's method to our problem, i.e. to the 
solution of system (2.4), it is necessary to use the уi column instead of the вi 
column, and instead of the coefficients ija - the quantities 
j
ix .  
 
3.2. The manner of optimal values finding 
 
The algorithm of optimal values finding for a function of one variable consists 
in the following sequence of actions: 
- first, find the 1st derivative of the polynomial (2.3) and, after equating the 
resulting derivative to zero, a list of singular points is determined; 
- then find the second derivative of the polynomial (2.3) and find the optimal 
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The algorithm of optimal values finding for a function of two variables 
consists in the following sequence of actions: 
- first, find the 1st derivatives of the function z=z(x,y) by variables х and y; 
- then equate 1st derivatives of the function z=z(x,y) to zero. 
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movement and the number of lanes used;  
• hourly intensity and composition of traffic in directions; 
• traffic delays in directions; 
• availability of technical means of regulation: traffic light, priority signs, 
prohibition and prescriptive signs; 
• geometric parameters of the intersection (Fig. 4.2). 
 
 
Fig. 4.2. Geometric dimensions of the intersection 
 
Composition of the traffic flow in all directions is presented in Table 4.1. 
 
Tab. 4.1 
             Composition of the traffic flow in all directions 
Vehicle 
type 




cars 97,31 2100 
buses 2,6 56 
trucks 0,09 2 
 
As follows from this data main stream of vehicles on intersect are cars. 
It is known [18] that the average length of the car Sa is approximately 4.5 m.  
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Usually the average interval between cars near intersect S averages 3 m that is 
the dynamic vehicle dimension (see Fig. 1.6) 
  
D=S+ Sa =7.5(m).                                             (4.1) 
 
If we know the number of cars between detectors D1 and D2, before intersect, 
that it is easy to estimate a length traffic jam. Comparing a length of the traffic jam 
on all lanes of the intersection, one can go from the previously adopted discrete 
criterion (composed of the number of cars) to a continuous criterion - the length of 
the traffic jam.  
In Table 4.2 is shown measured values of time delay at traffic lights in 
direction N2 and average speed of traffic at an intersection in the same direction.  
Tab. 4.2 
Time delays at traffic lights in direction N2 and average vehicle speed at an 
intersection (see Fig. 4.1) 
tday, .hour ∆t.sec Vcr, km/hour 
8:10 40 15 
 10:30 60 17 
 17:50 60 20 
 19:40 30 18 
 21:05 60 24 
 9:40 40 20 
 12:25 50 25 
 16:00 60 19 
 20:20 30 21 
 18:30 40 21 
 19:03 50 23 
 19:21 40 19 
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8:50 40 18 
 10:59 50 20 
 15:16 30 23 
 16:40 60 19 
 19:49 40 20 
 22:00 60 22 
  
 
The dependence of transport delays Δt in the direction of movement of the N2 
on the time of day is shown in Fig. 4.3. In the case of approximating a real curve, 
i.e. adding a trend line in the form of a polynomial of the 4th degree, we obtain the 
functional dependence shown in Fig. 4.4. 
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Fig. 4.4. Dependence of Δt on the time of day (1) and its trend line (2) 
 
The dependence of the average speed Vcr  of passing the intersection is shown 
in Fig. 4.5. 
When adding trend lines in the form of polynomials of the 4th and 5th 
degrees, we obtain the functional dependencies shown in Fig. 4.6. 
 
 
Fig. 4.5. Dependence of Vcr on the time of day 
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Fig. 4.6. Dependence of Vcr on the time of day and its trend lines: 
1- Real curve; 2- polynomial 5-th power; 3- polynomial 4-th power. 
 
As can be seen from Fig. 4.6 polynomial 5-th power better approximates the 
dependence Vcr=f(t), then polynomial 4-th power.  
Consequently, it is difficult to approximate the real dependences of the traffic 
parameters with a low degree polynomial. In this regard, it is advisable to divide 
the daily traffic schedule of road transport into certain stages, for example, 1) from 
8 to 11 o'clock; 2) from 11 am to 4 pm; 3) from 16 to 20 hours. 
In this case, the measurements of road traffic at each of the stages can be 
approximated with a sufficiently high accuracy by a polynomial of the 3rd degree. 
As an example, we will approximate the experimental curve in the time 
interval from 8 to 11 hours by a polynomial of the second degree, i.e. construct a 
polynomial  Р2(t) gj by 3 points given in Table. 4.3. 
Table. 4.3. 
t, hour 8 9 10 11 
Vcr,  
km/hour 15 18 20 19 
Vcr, 4.17 5 5.56  
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m/s 5.28 
 






















whose unknown coefficients are determined using Cramer's method. For this 


























Calculating the values of the determinants 
2 1 0
2; 1; 23; 90,a a a            
a polynomial of the 2nd degree of the form 
Р(t)=Vcr(t)=-0.5t
2+11.5t-45, 
where t – time in hours. 
 
4.2. Calculation of the optimal automatic traffic control system 
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For the calculation of the optimal automatic traffic control system, the initial 
data given in [12, 15] are used. So, for example, according to [12], the maximum 
traffic intensity will be N =16941 auto / h (see Fig. 2.1) or Nп = 2118 auto / h per 
lane. These data approximately coincide with similar values at a number of 
intersections in Kiev.  
When constructing a polynomial of the 3rd degree, it is necessary to have 4 points 
from the graph of the experimental data. For this purpose, we will use the 
experimental data given in [15] (see Fig. 1.2) which characterize the intensity of 
traffic at the intersection in question.  
According to the given data, the traffic intensity at the intersection under 
consideration can be characterized by the values that are given in Table. 4.3. 
According to (2.1) queues of horizontal and vertical roads, respectively are l1 
and l2. 
However, instead of the values l1 and l2 it is more convenient to consider 
traffic intensities of horizontal and vertical roads q1  and q2.  
To use the apparatus for determining the extrema of continuously 
differentiable functions of 2 variables, we will move from the values of the traffic 
intensity of horizontal and vertical roads q1  and q2  to the values of the length of 
the traffic flow on the horizontal and vertical roads S1  and S2, and are written in 
the form S1=7.5 q1, S2=7.5 q2. 
Change in the total length of the traffic flow on vertical road Sv for n cycles 
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and the total length of the traffic flow on horizontal road 
 
Sh=7.5 q2t1n. 
With a permitting traffic light signal, the total length of the flow of vehicles 




and the total length of the traffic flow on horizontal road will decrease by 
Shп= 2V2t2n. 
Thus, the dependence of the length of the traffic flow at the intersection on time 
can be written in the form  
Ss= 7.5 q1t2n- 
2V1t1n+7.5 q2t1n-2V2t2n.                          (4.3) 
 
Let us assume that the traffic flow rates at the intersection have functional 
time dependences of the form V1=a1t1 and V2=a2t2, and the quantities q1 and q2 
are constant. 
In this case the value Ss  can write  
 
Ss= 7.5 q1t2n-2a1t12 n+7.5 q2t1n-2a2t22n.                          (4.4) 
 
Let us find the partial derivatives of the function Ss with respect to t1 and t2: 
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  1 1 21
/ 4 7.5 ,sS t a t qn n      2 1 2 1/ 4 7.5 ,sS t a t qn n                       (4.5) 
 
and equate them to zero. 
From the obtained equations, two relations follow, which relate the time 
values of the phases of traffic light switching with the traffic intensity at the 

























However, the obtained values of t1 and t2 are not extreme points of function 
(4.3). 
Obviously, for a larger value of q on one of the directions of the 
intersection, the allowed interval of movement for this direction at the 
intersection under consideration should also be greater. At the same time, the 
average speed of the traffic flow at the intersection of the intersection, for this 
direction, must also exceed the average speed of the traffic flow in the cross 
direction. Since it is assumed that at a prohibiting traffic light, the traffic flow in 
front of the traffic light stops, i.e. has V=0, then each of the cars accelerates to a 
certain speed V= Vcr.  
Let the quantity q1=bt=b(t1+t2), and the quantity q2 =сt < q1. 
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Let us also assume that the average speed of the traffic flow with the q1 
value is equal to V1, and the average speed of the traffic flow in the cross 
direction is V2. 
Substituting these quantities into (4.3) and differentiating the function Ss 
with respect to t1 and t2, we obtain 
1 2 1 1 2/ 7.5 2 7.5 7.5 ; (4.62 )sS t b t n V t n cn tc n      
2 1 2 1 2 . (4./ 7.5 7.5 72 7.5 )sS t bt n b t nn ct n V       
Once again differentiating the functions with respect  
1/sS t   and 2/sS t   to 
t1 and t2, we obtain 
А=
2 2
1/ 15 ;sS t cn    В=
2 2
2/ 15 ;sS t bn    С=
2
1 2/ 7.5 7.5 .sS t t bn cn      
According to a sufficient criterion for the existence of an extremum, there 







In this way,  
Δ= 2 215 7.5( ) 225 .cn b c n b n                                     (4.8) 
 
From (4.8) follows the condition for a sufficient criterion for the existence of 
an extremum 
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 For further calculations, we will use the dependence of q from time (Fig. 
4.7). 
 
Fig. 4.7. Dependence of q from time 
 
 Equating equations (4.6) and (4.7) to zero and solving them together, 
namely, dividing the 1st equation by the 2nd and denoting the ratio t1/t2=γ, we 
define the singular point of the function Ss -γ =3.33. 
 Since t1+t2 = t, the phase ratio of traffic signals for the case under 
consideration should be 23% and 77%. 
 The calculations show that when considering a 10-minute interval of traffic 
light operation with such a phase ratio of its signals, it is possible to obtain up to 
50% increase in traffic through the intersection (Table 4.4), depending on the 
ratio of the speeds of intersecting traffic flows.  
 
    Tab. 4.4. Passage of vehicles through an intersection depending on the ratio of 
the speeds of intersecting traffic flows 
 
 









m/s V2, m/s ΔSs, % 
 
9,6 8 47,78- 
 
12 10 59,74 
 
20 17 100 
 10 10 51,75 
 
The calculations also show that the traffic flow through the intersection 
significantly depends on the values of the speeds of the intersecting traffic flows. 
The calculations were carried out in Excel. Print-screen of one of the 
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One of the bottlenecks in the urban transport network, which interfere with road traffic 
without stopping traffic, are intersections. 
Traffic lights with a fixed mode of operation at intersections do not take into account 
the uneven congestion of intersecting roads. 
Taking into account such unevenness allows for adaptive traffic lights.  
Development of the algorithms for the automatic traffic control system at the 
intersection is the theme of this work. 
When performing the work, a review and analysis of existing methods of developing 
algorithms for the operation of adaptive traffic lights was carried out. 
After analyzing the existing methods, a simple approximate way of developing an 
algorithm for the operation of an adaptive traffic light, taking into account the traffic intensity 
and the speed of transport on intersecting roads, is proposed. 
In particular, it is shown that the phases of the traffic light cycle for a given direction of 
the road should be proportional to the value of its traffic load. 
Calculations are presented that show the effectiveness of the proposed algorithm.  
  
